INTRODUCTION
The occurrence and movement of groundwater is governed mainly by porosity and permeability of a rock formation. In crystalline rocks, there exists an irregularity in the movement of groundwater due to its variable subsurface geology and complex hydrogeology. This in part is due to the fact that groundwater occurrence and accumulation in crystalline terrain is controlled by secondary porosities developed as a result of weathering, jointing and fracturing. Field experience has revealed that in crystalline rock terrains, boreholes have exhibited variable yields even at short distances apart. Major targets in regional groundwater exploration surveys in crystalline basement terrains occur in areas having weathering of considerable thickness and/or where fracturing and jointing are preponderant [1] , [2] , [3] . Geological fieldwork required in traditional structural mapping can be time-ineffective and limited in operations scope by environmental issues comprising thick vegetation, rugged topography and local social unrest.
Remote sensing techniques circumvent these limitations to provide time-effective capture of attributes that may reveal regional geological structures [4] , [5] , [6] , [7] , [8] . Lineaments are
A B S T R A C T
Aeromagnetic data coupled with Landsat ETM+ data and SRTM DEM have been processed in order to map regional hydrogeological structures in the basement complex region of Paiko, north-central Nigeria. Lineaments were extracted from derivative maps from aeromagnetic, Landsat ETM+ and SRTM DEM datasets. Ground geophysical investigation utilizing Radial Vertical Electrical Sounding (RVES) was established in nine transects comprising of four sounding stations which are oriented in three azimuths. Source Parameter Imaging (SPI) was employed to map the average depths structures from aeromagnetic dataset. Selected thematic layers which included lineaments density, lithologic, slope, drainage density and geomorphologic maps were integrated and modelled using ArcGIS to generate groundwater potential map of the area. Groundwater zones were classified into four categories: very good, good, moderate and poor according to their potential to yield sustainable water to drilled wells. Results from RVES survey reveal a close correlation to lineaments delineated from surface structural mapping and remotely sensed datasets. Hydrogeological significance of these orientations suggest that aeromagnetic data can be used to map relatively deep-seated fractures which are likely to be open groundwater conduits while remotely sensed lineaments and orientations delineated from the RVES survey may indicate areas of recharge. Regions with high lineament density have relatively better groundwater potential. This is attributable to areas having deep weathering profiles associated with intrusive bodies that have resulted in intense fracturing in the area. Drill depths in this area should target a minimum of 80 m to ensure sufficient and sustainable supplies to drilled wells. The outcome of this study should act as information framework that wouldreadily observable on aerial photographs, satellite imagery and airborne geophysical data.
Lineaments derived from geophysical and RS data have been shown to correlate well with structural discontinuities found in the field [9] , [2] . [10] , [11] , [12] , [2] .
Communities within the Basement Complex terrains commonly suffer acute potable water shortages arising from the complex hydrogeological setting of the terrain [13] , [14] . The poor success rate of water borehole drilling in the Basement Complex regions can be attributed to non-incorporation of hydrogeological concepts into the VES anomaly interpretations in borehole siting [15] . The outcome of this research would constitute an information framework that would guide the siting of productive water wells and provide baseline information for relevant agencies or the private sector in need of data for the development of groundwater resources and other associated environmental projects.
Study area description
The study area, which completely covers Paiko Sheet These include the rainy and dry seasons. The total annual rainfall in this area is between 1270 mm and 1524 mm, spread over the month of April to October.
Geology of study area
The study area lies within the Basement Complex (Figure 1 ).
The structural elements in the study area include joints, faults, foliations and minor folds. Most of these structural elements do not appear on the map due to the scale of the map. Some of the fault lines that appear on the map are deep seated in origin and ancient in age and was as a result of thermotectonic deformational events mostly of the Eburnean and Pan-African Orogeny [18] .
The dominant structural trend in the basement is essentially NE-SW and follows the tectonic grain of the schist belt [2] , [19] . Subordinate directions, which are locally dominant, include E-W and NW-SE.
Widespread fracturing occurs throughout the area and follows the orientation of the major faults. 
METHODS
Integrating aeromagnetic data and Landsat imagery in groundwater exploration is an established practice in some parts of the world [20] , [21] . In central Nigeria, integration of different datasets for groundwater exploration is not very common except for studies performed by [22] 
Lithologic and surface structural data
Field geologic mapping was conducted on a scale of 1:12,500 in the north-western quadrant of the Sheet. In order to assess the hydrogeological conditions of selected boreholes and hand-dug wells, existing wells were investigated with regard to geographic location, rock type, weathering, topography and structure.
Structural measurements of joint and fracture sets were taken where possible. Rose diagram showing the predominant joint directions were constructed from these measurements.
Remote sensing data processing
Image processing for both Landsat ETM+ and SRTM DEM was performed using a combination of ENVI software (ITT Visual Image Solutions) and ArcGIS software (Environmental Systems Research Institute).
Shaded relief representations of SRTM DEM were applied to enhance terrain features that will aid in lineament extraction. The SRTM DEM was digitally processed to produce thematic layers that include geomorphologic and slope maps. Drainage networks were extracted using the spatial analyst tool of ArcGIS.
Drainage density map delineation was carried out by dividing the study area into micro-watersheds using the methods of [24] . Intersection of micro-watersheds and drainage layer was used for the calculation of drainage 
Aeromagnetic Data Processing
The aeromagnetic data was obtained from NGSA. respectively. The data was gridded using the minimum curvature gridding method [25] . The total magnetic intensity field has been IGRF (International Geomagnetic Reference Field, 2009) corrected and super-regional field of 32000nT was deducted from the raw data. The airborne magnetic data were processed in Oasis montaj software, while information extraction and interpretation was done using ArcGIS software.
The magnetic data was initially subjected to Reduction to the Magnetic Equator (RTE) and was further processed to investigate the presence of buried structures that might be relevant in groundwater exploration. Directional and normalised derivatives were calculated to accentuate near surface structures from which lineaments were identified and delineated.
These included shaded relief, First vertical, total horizontal, tilt derivatives and analytic signal maps.
These maps show delineated lineaments of relatively shallow features important for groundwater evaluation (about 100 m) [26] , [27] .
Magnetic lineaments can be related to faults and fractures or lithologic contacts. Several geologic processes may change the magnetic properties of the bedrock depending on prevailing physical and chemical conditions and mineralogy [28] . Hence, faults and fractures may induce a magnetic minimum or maximum. After series of interpretation, magnetic minima were found to be more representative of faults and fractures. A composite of all magnetic lineaments and its corresponding rose diagram was constructed.
Finally, composite lineament map from different data sources were integrated to form a final lineament map of the study area. Subsequently, a lineament density Table 1 : Assigned classes of the features of the thematic maps used to model groundwater potentials in the study area using ArcGIS weighted overlay tool.
map was created using the line density tool of ArcGIS with search radius of 2 km. Source Parameter Imaging algorithm (local wave number) [29] was applied to the RTE magnetic data to model depth to causative bodies.
GIS Modelling
In the exploration of groundwater, especially at regional scales, there are lots of criteria to select from that control the availability of groundwater in particular terrains. Selection criteria for optimum groundwater Selected thematic layers were assigned weights using AHP excel template [31] 
Ground geophysical survey
The essence of conducting surface structural mapping is to understand the relationship between exposed Rock formations which are anisotropic due to the presence of fractures, have shown that the apparent resistivity ρt, measured normal to its strike direction, is less than ρs, measured along the strike direction, although the true resistivity ρt, normal to its stratification, is greater than that parallel to the plane of stratification, ps. This is called the 'paradox of anisotropy' [32] .
In this study, RVES have been conducted at selected sites using Schlumberger configuration (AB/2=100 m). 
RESULTS

Lithologic and structural mapping
Drainage networks density
The drainage system of the area exhibits dendritic drainage, typical of a crystalline basement terrain.
Spatial distribution of drainage density is shown in imply that recharge and percolation into the subsurface is low. Therefore, in using this thematic map for the GIS modelling, drainage density was assigned a low weight because of its minimal contribution to the groundwater potential of the area.
Lineaments and lineament density maps
The lineaments extracted from remotely sensed imagery are oriented principally in the NW-SE to NE-SW directions ( Figure 6 ). These lineaments directions classes were assigned to higher slope angles because higher slope angles impact negatively on infiltration and groundwater recharge [35] .
Geomorphological units like peaks and ridges form inclined erosion surfaces that slope away from the highland fronts and are typically formed by running The presence of ridges, peaks and other elevated areas, favour loss of water and hence, not favourable for groundwater accumulation.
Depth modelling using Source Parameter
Imaging (SPI)
The basis for using SPI to determine magnetic source depths is to create a database for every 250 X 250 km 
Description of electrical Anisotropy polar diagrams and Coefficient of Anisotropy
The inferred structural trends and their corresponding coefficient of anisotropy are presented in Table 4 up with increasing depth [14] . There exists also fracturing beyond 70 m. This is observable in many sounding stations (Figure 10 ).
GIS Modelling
Five groundwater potential zones have been delineated (Very Good, Good, Moderate and Poor and Very poor).
The spatial distribution of the various groundwater potential zones are shown in Figure 11 In many areas, settlements are not densely populated coupled with a large percentage of the inhabitants' inability to afford motorised boreholes. Hence, it behoves on the government to either subside or take complete responsibility of the drilling projects.
However, if these conditions are not met, the inhabitants have to settle for boreholes drilled at relatively shallow depths with the risk of having insufficient water supplies and groundwater contamination.
CONCLUSION
Lineament mapping was carried out using Landsat 
